INTRODUCTION
Southwestern Piauí State, considered the last agricultural frontier in Brazil, has been included in the agroeconomic scenario of the country due to the growing demand for food production and to the state's agricultural potential. However, the replacement of native vegetation by grainproduction systems in the Cerrado of Piauí promotes changes in the structure of the soil macroinvertebrate community relative to the natural Cerrado condition (SANTOS et al., 2016) . Santos et al. Soil macrofauna has been used as a bioindicator of soil quality, as it plays important roles in the proper soil functioning, regardless of the cultivation system. These organisms are soil invertebrates with body size greater than 2mm (SWIFT et al., 1979) , and they can be influenced by the quantity and quality of the plant material input into the soil (CARRILLO et al., 2011) .
In Piauí, few studies have been conducted on the soil macrofauna relative to land use and management. Some studies note that different landuse and management systems negatively affect these organisms; these systems include areas of agroforestry (LIMA et al., 2010) , areas of pasture with epigean fauna in the litter (NUNES et al., 2012; LUZ et al., 2013) , sugarcane (ABREU et al., 2014) , and grain-production systems in the Cerrado (SANTOS et al., 2016) .
However, one of the main obstacles to sustainable agricultural development in the region is the lack of research related to soil-quality bioindicators, especially the degree of sensitivity of different soil macrofaunal taxa to the intensity of land use. Therefore, studies that evaluate agricultural production alternatives to soybean monoculture in the region and their effects on soil bioindicators are important because they may identify conservation soil-management alternatives. Thus, the aim of this study was to characterize the soil macrofauna present under different crops and compare them to the macrofauna under a native Cerrado/Caatinga vegetation ecotone in Southwestern Piauí.
MATERIALS AND METHODS
The study was conducted in the experimental area of the Professora Cinobelina Elvas Campus of the Universidade Federal do Piauí, in the municipality of Bom Jesus, Piauí (PI) (09°04′48′′ S, 49°19′35′′ W, 290m altitude). The climate of the region is classified as warm and semi-humid, type Aw, according to the Köppen classification, with a mean annual temperature of 30ºC and precipitation of 1,024mm (INMET, 2015) .
The soil of the experimental area is classified as Latossolo Amarelo Distrófico típico with a loamy clayey texture according to the EMBRAPA (2013) ANDERSON & INGRAM (1993) . Soil monoliths were collected in trenches (0.25m x 0.25m) in the 0-0.1, 0.1-0.2, and 0.2-0.3m layers. Surface litter was also collected using a metal quadrat, which was randomly placed in each area, with five samplings per area (replications).
Soil monoliths were collected from areas of cultivation of sweetsop (Annona squamosa L.) (SOP), andropogon grass (Andropogon gayanus K.) with three years of use (AG3), andropogon grass with six years of use (AG6), pivot-irrigated corn (Zea mays J.) (PIC), Napier grass (Pennisetum purpureum S.) (NAP), and native Cerrado/Caatinga ecotone vegetation (NV). The histories of the areas are described in table 2.
After being manual sorted, a procedure performed in the open, the collected invertebrates were stored in containers with 70% ethanol. Subsequently, the invertebrates were counted and identified to the family level. The identification of the taxa was based on the research of RUPPERT & BARNES (1996) and BORROR et al. (1989) , following didactic material available at <http://www.termitologia.unb.br/> for the identification of Isoptera and <http://www. insetologia.com.br/> for the identification of the other orders. Next, the absolute abundance of each group was expressed as relative density (number of individuals per square meter), calculated from the mean of the replications per area.
Vertical distribution for each area was calculated from the means of the five replicates per area in each layer. The density data were subjected to the Shapiro-Wilk test, and even after square root of (x + 1) transformation, the distribution remained nonnormal. As an alternative, the Kruskal-Wallis test was used, followed by the two-sided Dunn's test, for which the assumption is that the data set does not follow a normal distribution. The means of the ordinations and the differentiation among the different crops are shown in table 3. The standard error of the mean is presented as a measure of data dispersion.
To evaluate the family diversity of each area, the Shannon (H) and Simpson (Is) indexes were used. Shannon index was calculated using the following formula: H = -Σ pi x log 2 pi, where pi = ni/N, ni = the density of each group, and N = the total number of groups. Simpson index was calculated using the equation (Is = 1-L), where L = Σni (n-1)/ N(N-1), ni = the number of individuals in group "i", and N = the sum of the densities of all groups.
For the application of principal components analysis (PCA), the Bartlett sphericity test was first performed (P<0.05) to test the relations among the variables. Then, the relations between the soil macrofauna functional groups and the centroids of the confidence ellipses for each area were tested using the 
RESULTS AND DISCUSSION
Total relative density of the sampled and quantified soil macrofauna in the six areas was 20,669 ind. m -2 , distributed among six classes, 16 orders, and 40 families (Table 3 ). The most abundant groups, in descending order of relative density were Isoptera (71.85%), Hymenoptera (14.24%), Haplotaxida 
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Class
Order (5.39%), Coleoptera adults and larvae (5.20%), and other taxa (3.32%). The total relative density reorted in this study was higher than found in other studies, for example, PORTILHO et al. (2011) and SANTOS et al. (2016) in the Cerrado biome and LUZ et al. (2013) and ABREU et al. (2014) in the Caatinga biome.
The relative density under the different crops was lower than under NV, and in most areas, the orders Isoptera and Hymenoptera predominated, except in the area under PIC, where Isoptera and Haplotaxida (earthworms) predominated. Based on the classification into functional groups proposed by BROWN et al. (2015) , the dominant functional groups were the geophages/bioturbators, considered ecosystem engineers. The higher relative density under NV is due to the predominance of termites, belonging to the family Termitidae (Isoptera), of approximately 85.60% relative to the occurrence of other families in this area. Thus, because all cultivated areas were under conventional soil cultivation, plowing and soil exposure are the main factors reducing the relative density of termites.
Among all orders, Isoptera (termites) represented 71.84% of the soil macrofauna quantified in the six evaluated areas. This result is similar to those obtained by SANTOS et al. (2016) in the Cerrado and by LIMA et al. (2010) in the Caatinga of Piauí. The organisms of this taxon create biogenic structures in the soil where they live, providing resources to other soil organisms (LAVELLE, 1996) . Among the Isoptera, the family Termitidae, very common in tropical environments, was the one that predominated in all the cultivated areas and in NV. The highest abundance of this family in the cultivated areas was observed in NAP, which showed an abundance closest to that under NV.
The order Coleoptera (adults and larvae) exhibited the highest family diversity under PIC and NV (10 families each). According to CORREIA & OLIVEIRA (2005) , some members of these families may act as agricultural pests. For example, Diloboderus abderus (larva) of the family Melolonthidae attacks mainly roots. Another important coleopteran family is Curculionidae, represented by the cotton boll weevil (Anthonomus grandis). However, most families are beneficial to the soil, as they build galleries that favor water infiltration and organic matter incorporation into the soil.
In the area under PIC, relative to all other coleopteran families, Staphylinidae predominated, with higher relative density in the adult form, and Chrysomelidae, in larval form, representing 43.23% and 20.65%, respectively. The occurrence of Staphylinidae may be related to soils containing high concentrations of potassium, phosphorus, and organic matter (DUNXIÃO et al., 1999) and, because staphylinids function as predators in the environment, to soils undergoing pest control. In turn, the family Chrysomelidae may respond to soil stress (PAOLETTI et al., 1991) , participating directly in plant and animal decomposition.
In areas where coleopterans occurred, the family Cleridae, in adult form, and Ciidae, Curculionidae, and Melolonthidae, in larval forms, presented lower relative densities in all cultivation systems when compared to NV, possibly because they are more sensitive to anthropogenic disturbances and the intensive land use in these environments.
The family Formicidae (Hymenoptera), abundant in areas of Cerrado and Caatinga, exhibited higher relative density in AG6 compared to the other areas, including NV. The continuous use of goats in this soil for six consecutive years may have caused soil degradation, as the dominance of Formicidae in this area is likely indicative of anthropogenic damage. Similar to the Isoptera, these organisms are important for soil functioning, as the decomposition of plant and animal matter may be related to the presence of these taxa, which participate in the equilibrium of agricultural ecosystems (BRUYN, 1999) .
Despite the dominance of those groups considered ecosystem engineers in the study areas, oligochaetes were absent in AG6 and showed low abundance in the other evaluated areas. These individuals respond negatively, with a reduction in their abundance in several environments because low soil-moisture levels, high temperatures, and anthropogenic land use limit their population (BARETTA et al., 2007) .
Evaluation of the vertical distribution of soil organisms ( Figures 1A, 1B, 1C, 1D , 1E, 1F) revealed a variation in the colonization of these organisms in the different soil layers. The areas under cultivation of SOP, PIC, and NV exhibited a higher proportion of organisms in the 0-0.1m depth layer. Higher proportions of soil fauna in the superficial layers may be associated with greater food diversity of soil organic matter (CARRILLO et al., 2011) and prey for predatory organisms in addition to the greater availability of oxygen in this soil layer.
Under NAP (Figure 1E ), the 0.2-0.3m layer had the highest colonization of organisms compared to the other layers evaluated. This result may be related to the better distribution of the fasciculate root system along the soil profile as well as to the better moisture conditions, providing more adequate conditions for the colonization of these individuals (LAVELLE, 1996) . The relations among the soil macrofauna functional groups in the cultivation areas, soil particle size distribution, and soil chemical attributes were analyzed using PCA. The PCA revealed that 52.44% of the data variability was explained by axis 1 and 24.23% by axis 2, accounting for 76.67% of the variability in the data (Figure 2 ). Axis 1 was mainly influenced by the predator/parasite (0.92 factor loading), detritivore/decomposer (0.81), and geophage/bioturbator (0.62) functional groups, with positive eigenvectors.
The ordination diagram shows the relations between the sampled areas and the functional groups. The detritivore/decomposer and geophage/ bioturbator functional groups are more closely associated to NV and SOP, respectively. No trend was observed in grouping for the other functional groups with the remaining areas. The plotting of the soil grain-size distribution, soil moisture, and soil chemical attributes in the ordination diagram as explanatory variables to test their relation with the functional groups indicated an association between the detritivore/decomposer and the geophage/bioturbator groups with the fine sand and coarse sand fractions. At the same time, these functional groups correlated negatively with the silt fraction. Moreover, the phytophage/pest functional group correlated negatively with soil moisture and may not be directly dependent on this variable for survival because, according to BROWN et al. (2015) , these groups survive mainly on living plant parts.
When testing the possible correlations between the soil macrofauna functional groups and the soil chemical attributes, the results of the PCA revealed that these attributes were not sufficient to explain the variations in the soil macrofaunal functional groups; although, some trends toward groupings between potassium and the detritivore/ decomposer and potassium and predator/parasite functional groups were observed. However, the quality of the samples for these variables was classified as mediocre to unacceptable, respectively (KAISER, 1974) .
Regarding the number of families reported in the studied areas, PIC was similar to NV. Although, the structure of the communities varied between these areas, this crop, even under intensive conventional cultivation, was the cultivated area that provided better conditions for the survival to these soil macrofaunal families. This area possibly presented better survival Santos et al. conditions due to the food abundance resulting from the cowpea/corn succession associated with better soil moisture levels. Finally, the Shannon and Simpson diversity indexes demonstrated that PIC was the cultivated area with the highest soil macrofaunal family diversity identified in this study. Therefore, the PIC in this study was the crop that exhibited greater diversity in the number of families, a result similar to that of NV.
CONCLUSION
The structure of the soil macrofaunal community is negatively altered by the different crops in comparison to the natural Cerrado/Caatinga ecotone condition.
The cultivation of Napier grass favors greater soil macrofaunal abundance, with a predominance of families belonging to the orders Isoptera and Hymenoptera.
The number of soil macrofaunal families under pivot-irrigated corn was the number most similar to that of native vegetation, and this crop also had greater family diversity compared to the other crops studied. Therefore, cultivation of pivotirrigated corn reduces the impact of anthropogenic land use on the biodiversity of the soil macrofauna.
